Introduction
Ever since the important contribution by Cagan [1956] , a large part of the empirical literature on the demand for money has been based on the experience of economies operating under highly inflationary conditions.--2/ At the theoretical level, it is generally postulated that the amount of real money balances demanded by the public depends on the level of real income and on the opportunity cost of holding money relative to other assets and goods. The opportunity cost consists of the yield on alternative assets, measured by their expected rates of interest, and the return on holding goods, measured by the expected rate of inflation. Yet empirically, when studying economies with substantial inflation, most researchers have utilized the expected rate of inflation as the only relevant opportunity cost of holding money. This particular specification can be, and has been, justified on the basis of at least two arguments:
first, in an inflationary environment, variations in the yields of other financial assets are likely to be dominated by variations in expected inflation. 3/ --1/ I would like to thank Phillip Cagan, and especially an anonymous referee for many valuable comments. Any errors are mine.
2/
For a review of this literature, see Laidler [1977] .
3/ An (extreme) example of this is in the case of full indexation of nominal interest rates. To the extent that such indexation is implemented through a Fisher-type equation, nominal interest rates would vary with movements in expected (or actual) inflation so as to make real interest rates independent of inflation.
Second, the advent of high inflation has been accompanied in many countries by governmental imposition of financial controls, which in fact limited the availability of financial assets. In this case, the relevant substitution is between money and goods, or real assets, and it is captured mostly by the expected rate of inflation.
"Expected inflation" is generally an unobservable variable. Therefore, in order to empirically implement a money demand equation that includes this variable, an assumption about the formation of expectations is required. In the early literature on the subject, the common assumption was the one of adaptive expectations. As is well known by now, this assumption has at least two serious limitations: first, only information about past rates of inflation is assumed to affect agents' expectations of current and future inflation; second, the adaptive formula is arbitrarily postulated, without paying explicit attention to the actual process followed by the inflation rate. To overcome these difficulties, recent studies have postulated the rational-expectations hypothesis' (due to Muth [1961] ). According to this hypothesis, economic agents' expectations of inflation are assumed to be equivalent to optimal forecasts obtained by exploiting any systematic relationship between inflation and other relevant economic variables. This paper reports new empirical evidence on the demand for money under rational expectations of inflation. This evidence is based on a sample of 4/ See Sargent and Wallace [1973] , Frenkel [1977] , Sargent [1977] , Evans [1978] , Salemi and Sargent [1979] , and Salemi [1979] . Interestingly, all these studies are based on data for the European hyperinflations. / --From a methodological point of view, this study extends most previous empirical studies of money demand under rational expectations in at least two important directions. First, rather than postulating the rational-expectations assumption and holding it as a maintained hypothesis, this study presents a methodology for empirically testing the restrictions that rational-expectations imposes on data.
6/ --Moreover, rather than proceeding with a unique a priori specification of the rational expectations hypothesis, this study considers the sensitivity of empirical evidence on the demand for money to alternative versions of this hypothesis, and compares these findings with those obtained by application of a simple version of adaptive expectations. Section 2 derives the specifications of money demand to be estimated and discusses the estimation procedure. Empirical results are reported in Section 3, and Section 4 presents the main conclusions from this investigation.
Specifications and Methodology
As in most models of the demand for money in developing, and/or highinflation, countries we postulate that the amount of real cash balances demanded by the public is a positive function of real income, and a negative function of the expected rate of inflation.2-/ Assuming a semi-log functional form, the 5/ Previous estimates of money demand in Brazil are reported by Silveira 1-1973], Khan [1977 Khan [ ,1980 and Pastore et al [1977] . Lucas [1972] has emphasized the emergence of cross-equation restrictions in models embodying rational expectations; see also Hansen and Sargent [1980] .
6/

7/
For a recent discussion of the specification of money demand in the context of developing countries, see Khan [1980] . The latter also reports empirical estimates for 11 developing countries (including Brazil). The suitability of equation (1) for the case of Brazil is discussed in Section 3. the demand for money is written as:
(1) m d = a + + yll + u . where m d Is the logarithm of real-money demand; y is the logarithm of real income; He is the expected rate of inflation, and p is a random variable with mean zero. As discussed above, the standard hypothesis is that > 0 and y < 0.
When non-negligible adjustment costs are present, it is likely that economic agents adjust gradually their actual real-money balances to the level implied by (1). A commonly specified adjustment process takes the form:
where L is the lag operator, which is defined by the operation LiX = X , and 0 <X < 1 is the adjustment coefficient. Substituting equation (1) into (2), and rearranging terms, yields:
(3) m = aX + 3Xy. yX He (1-X )m_a+ e where E =X.
Under the assumption that E has classical properties, formally stated below, expression (3) can be regarded as a regression equation. To empirically implement it, however, a scheme for the formation of expected inflation, H e is required. The assumption of rational expectations implies the condition 2./ (4) = E(TrIQ) = -8/ It is well to recognize that the choice of this particular form for the adjustment process is somewhat arbitrary, and it is mainly done here to gain comparability with previous studies. An interesting discussion of the limitations of this form, as well as of other popular adjustment processes, from the viewpoint of studying the dynamics of inflation is presented by Khan [1980] .
9/
The discussion below is similar to that presented by Sargent [1973] and McCallum [1977] in another context. Using expressions (4) and (5), we an now eliminate the unobservable variable 7e appearing in (3), thus yielding the equation . (1) and the process (2), the 6 parameters that enter the inflation equation (6); these are the cross-equation (testable) restrictions implied by the rational expectations hypothesis.
For estimation purposes, the model to be implemented is composed by equations (6) and (7). The estimation method utilized here is as follows:
given a sample of size T, and assuming that the error vectors (6 , E ) T T T= T, are drawn from a bivariate normal distribution, maximum likelihood estimates of the parameters can be obtained by minimizing lvi, the determinant 6 of the covariance matrix of the residuals, over the unknown parameters (see Dhrymes [1974, pp. 322-31] ). Since the parameters enter 1111 in a nonlinear fashion, I have used Wymer's [1978] program RESIMUL, which is designed to obtain full-information-maximum-likelihood (FIML) estimates of systems containing nonlinear restrictions across and within equations. --In estimating and testing the model, I proceeded as follows. For a given specification of the information set Q, the model is estimated twice:
first, subject to the rational expectations restrictions, and second, without imposing these restrictions (that is, without imposing on (7) the e coefficients from (6) Under the null hypothesis that the restrictions are correct, LR is asymptotically distributed as chi-square with q degrees of freedom, where q is the number of restrictions imposed. In addition, since the different specifications of Q utilized below are nested, I will perform tests of exclusion restrictions on the information set. Last, the system will also be estimated under the restrictions imposed by a version of adaptive expectations, and pertinent tests and comparisons of parameter estimates will be done .
10/ The /)rogram uses a Newton-Raphson iterative procedure, beginning with arbitrarily given initial parameter values.
Empirical Results
The estimates reported below are based on quarterly time series for Brazil for the 1970-1977 period (32 observations). During this period Brazil experienced a relatively high rate of inflation: 6% per-quarter on average (standard deviation = 0.026). While there is a strong presumption that equation (1) is a suitable money demand representation for developing, and high-inflation, countries, and despite the fact that previous studies for Brazil have postulated similar specifications (see Silveira [1973] , Khan [1977 Khan [ , 1980 , and Pastore et. al. [1977] ), it is important to discuss its applicability for the sample in hand. During most of the 1970-77 period, financial markets in Brazil were characterized by a high degree of government intervention in the setting of key nominal interest rates, especially through the institutionalization of indexation of these interest rates.
-11/ It appears that the main objective of such indexation has been to make real rates of return on financial assets independent of fluctuations in inflation, and examination of the relevant evidence suggests that indeed ...indexation played a prominent direct role in maintaining the real value of some selected key financial instruments, including government bonds, and indirectly maintained the real value of virtually the whole spectrum of obligations 11/ Indexation of interest rates on financial assets started in 1964, and in 1975-76 complete liberalization of interest rates was accomplished. The following are some of the assets whose interest rates were indexed: certificates of deposit, bills of exchange, time deposits, treasure bonds, and savings accounts. For extensive discussions of financial-m arket indexation in Brazil, see Lemgruber [1977,pp. 413-17] , Pastore [1977] , and Galbis [1979] . of financial institutio ns and instrument s outside the financial system." (Galbis [1979, p.346] ).
11/ These considerat ions suggest that during the period under study Brazilians had the opportunit y and economic incentive to hold a variety of indexed and nonindexed financial assets, in addition to money and goods (or real assets). Thus, it would seem more appropriat e to include interest rates on these assets in the right hand side of equation (1). This was not done here for two practical reasons: first, inclusion of the relevant interest rates jointly with expected inflation is likely to lead to problems of multicollinearity . This is so because, as indicated above -and given the relatively high level and variabilit y of inflation throughout the period under study, movements in nominal interest rates ap,pear to have closely followed fluctuatio ns in inflation. Second, there is a lack. of readily available' quarterly series on effective interest rates that would be reliable and consistent , (See Galbis [1979; Appendix] ). Thus, the money demand estimates to be reported are based on equation (1), and obviously caution is suggested in their interpretation. In particular , the above discussion implies that the y coefficient reflects not only the money/good s (or real assets) margin of substituti on, but also, at least partially, the money/fina ncial assets margin.
As previously indicated, equations (6) and (7) are estimated using a FIMI, procedure. To implement this procedure, it is required to specify the variables that are included in the informatio n set" Q. Rather than a-priori specifying a unique set of variables entering Q, I have considered several alternativ e estimates of the model. These alternativ e estimates are refered to below as options I through IV, and they correspond to the following plausible 12/ For similar conclusion s, see Lemgruber [1977, pp.416-7] . (6)).
The results for money demand (equation (7) These estimates are much greater (in absolute value) than those generally found in previous studies. kV The fact, to be reported below, that estimations under adaptive expectations yield point estimates similar to the above for the present sample would seem to suggest that this difference in the estimated 14/ These autocorrelation functions, and the F-statistics pertinent for testing the hypothesis of white noise residuals, are included in an Appendix which is available from the author upon request.
15/
For example, for quarterly results Silveira [1973] found a semi-elasticity of 1.2, and Khan [1977, 1980] reports semi-elasticities of 1.3 (for the period 1960-70) and 4.0 (for the period 1962-76). quarters. That is, there appears to be a rather slow adjustment of actual money holdings to changes in demand. This result is somewhat puzzling for the case of a high-inflation country like Brazil; yet similar empirical evidence has emerged from previous studies of money demand for developing as well as developed economies (see Khan [1980, p.270] ).
An important feature of these results for money demand is that they are derived under .the imposition of the restrictions implied by the rational expectations hypothesis. Specifically, the components of Q are assumed to affect real-money holdings only through their effects on the "prediction" of inflation, i.e. through the 0 coefficients of equation (6). The compatibility of the expectational assumption with the sample information can be assessed by testing the implied restrictions. To do so, it is appropriate to estimate also, for each option, in addition to (6), an unrestricted equation for realmoney holdings. The latter relaxes the restriction that the elements of Q enter as regressors only pre-multiplied by the 0 coefficients. The restrictions can then be tested by a likelihood-ratio test, based on a comparison of the fit 16/ For some cross-sectional evidence on this issue, see Khan 1980, p. 271] .
17/ These are calculated as (1-X)/X. of the restricted and unrestricted equations, as explained in Section 2 above. Given that the estimation of equations (6) and (7) where lagged values of external inflation are entered as regressors jointly with lagged inflation rates, and the results are as follows: while three own lags of inflation still obtain parameter estimates which are significant, only 18/ In using equation (6) to generate expected inflation, the implicit assumption is that the 6 coefficients are constant through time. I have checked this assumption by performing Chow-tests based on a mid-sample split (and on OLS versions of equation (6) and for all the options the pertinent F-tests indicated nonrejection of the null hypothesis. Obviously, due to the small number of degrees of freedom these tests should be interpreted with caution. the first lag of external inflation has a significant, and positive, regression coefficient. A different result emerges for option III, where lagged money growth is entered instead of lagged external inflation. In this case, the coefficients on the first three lags of money growth are significant and positive, thus suggesting that in Brazil money growth is an important predictor of inflation. As before, the first three lags of inflation appear with significant regression coefficients. Option 1V is the most general formulation in that it postulates the appearance of both lagged money growth and lagged external inflation in equation (6), in addition to lagged inflation. Here we find that for each one of these variables considered as regressors, there are at least three regression coefficients that are significantly different from zero.
What is the option most compatible with the sample information? As the different options are uniquely ordered (or nested), it is possible to provide a formal (statistical) answer to this question. Consider, first, the case of option I. This option results from imposing zero restrictions on the coefficients corresponding to the n and p variables of equation (6) The empirical evidence reported up to this point is based on specifications that embody the rational expectations hypothesis. In order to assess the sensitivity of the above results with respect to changes in this expectational assumption, I now turn to a discussion of the empirical evidence that emerges under an alternative hypothesis, the one of adaptive expectations.
The model to be estimated now consists of equations (3) and (6) 19/ For a discussion of this issue, and of the concept of economically rational expectations, see Feige and Pearce [1976] .
-18 - Also, under adaptive expectatio ns the coefficien t on. the lagged dependent variable is smaller than those of Table 1 , thus implying that the adjustment of actual money balances to changes in desired balances is shorter under the adaptive -expectat ions formulatio n Despite these differenc e; the overall impression from these findings is that the parameter estimates of Brazilian money demand under adaptive expectatio ns are quite similar to those based on rational expectatio ns.
However, it should be noted that the log likelihood value for the system of table 2 is smaller than its rational-expectatio ns counterpar t of option I - 
Conclusion s
This paper presented a methodolog y for estimating and testing the demand for money under rational expectatio ns of inflation. As usually implemente d, the assumption of rational expectatio ns requires specifying the informatio n set used by agents in forming their expectatio ns. An important feature of the analysis above is that empirical evidence was presented for several plausible -20 -specifications of the information set, which amount to alternative operational versions of the rational expectations hypothesis.
At the empirical level, the econometric analysis was based on quarterly data for the high-inflation economy of Brazil (1970-77) . The parameter estimates reported for money demand turn out to imply expected-inflation elasticities that are substantially larger than those found in previous studies of
Brazil. This finding holds for specifications using rational as well as adaptive expectations of inflation, and therefore it appears that this difference in the results is mainly due to differences in the sample periods utilized. On the other hand, the reported estimates of the other coefficients entering money demand are quite similar to those appearing in previous work.
Regarding the alternative specifications (or options) considered for the information set used in forming expectations, some evidence was presented in support of the notion that lagged money growth and external inflation contain, in addition to lagged inflation rates, important information for predicting future inflation in Brazil.
Particular emphasis was given in the empirical analysis to testing the cross-equation restrictions implied by the rational-expectations hypothesis.
The empirical findings on this issue indicated that for each one of the four options postulated for the information set, these restrictions were not statistically rejected by the data. Yet when comparisons were made across options, the results indicated support to the broadest option utilized (that is, the one that specifies that inflation expectations are formed on the basis of information about the past behavior of inflation, money growth, and external inflation). In addition to considering evidence under rational expectations, the basic system was also estimated under the assumption of adaptive expectations.
-
In this case, econometric tests of the cross-equation restrictions implied by this assumption resulted in rejection of these restrictions.
All in all, then, the. Brazilian data considered appear to support a specification of the demand for money that embodies rational expectations of inflation. However, caution is suggested in using the results reported in this paper to draw-firm conclusions on the debate of adaptive vs. rational expectations. This is so Because it is well to recognize that, for purposes of empirical tractability, the expectational specifications used above (both. for adaptive, and rational expectations) are very simple ones. For example, in some cases it may be plausible to assume that the adaptation coefficient, used under adaptive expectations, is not a constant, but endogenously varies through. time (see e.g. Khan [1977] ). Also, it may well be that, although Having rational expectations of inflation* agents learn only gradually about the form of the optimal inflation predictor (equation (6)).
Only by considering these more complex formulations, as well as data for several countries, one would be able to reach. final judgements on the accuracy of adaptive vs. rational expectations.. 
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